Energetic adaptations: Metabolic control of endocytic membrane traffic.
Endocytic membrane traffic controls the access of myriad cell surface proteins to the extracellular milieu, and thus gates nutrient uptake, ion homeostasis, signaling, adhesion and migration. Coordination of the regulation of endocytic membrane traffic with a cell's metabolic needs represents an important facet of maintenance of homeostasis under variable conditions of nutrient availability and metabolic demand. Many studies have revealed intimate regulation of endocytic membrane traffic by metabolic cues, from the specific control of certain receptors or transporters, to broader adaptation or remodeling of the endocytic membrane network. We examine how metabolic sensors such as AMP-activated protein kinase, mechanistic target of rapamycin complex 1 and hypoxia inducible factor 1 determine sufficiency of various metabolites, and in turn modulate cellular functions that includes control of endocytic membrane traffic. We also examine how certain metabolites can directly control endocytic traffic proteins, such as the regulation of specific protein glycosylation by limiting levels of uridine diphosphate N-acetylglucosamine (UDP-GlcNAc) produced by the hexosamine biosynthetic pathway. From these ideas emerge a growing appreciation that endocytic membrane traffic is orchestrated by many intrinsic signals derived from cell metabolism, allowing alignment of the functions of cell surface proteins with cellular metabolic requirements. Endocytic membrane traffic determines how cells interact with their environment, thus defining many aspects of nutrient uptake and energy consumption. We examine how intrinsic signals that reflect metabolic status of a cell regulate endocytic traffic of specific proteins, and, in some cases, exert broad control of endocytic membrane traffic phenomena. Hence, endocytic traffic is versatile and adaptable and can be modulated to meet the changing metabolic requirements of a cell.